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ABSTRACT 

We study a sample of 16 microlensed Galactic bulge main sequence turnoff 
region stars for which high dispersion spectra have been obtained with detailed 
abundance analyses. We demonstrate that there is a very strong and highly 
statistically significant correlation between the maximum magnification of the 
microlensed bulge star and the value of the [Fe/H] deduced from the high reso- 
lution spectrum of each object. Physics demands that this correlation, assuming 
it to be real, be the result of some sample bias. We suggest several possible 
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explanations, but are forced to reject them all, and are left puzzled. To obtain a 
reliable metallicity distribution in the Galactic bulge based on microlensed dwarf 
stars it will be necessary to resolve this issue through the course of additional 
observations. 

Subject headings: gravitational lensing — stars: abundances — Galaxy: bulge 



1. Introduction 



Microlensing occurs when a "lens" (star, planet, black hole, etc) becomes closely aligned 
with a more distant "source" star, whose image it both magnifies and distorts. Microlensing 
of stars in the Galactic bulge offers the possibility of studying in detail stars that are too faint 
for such even with the largest existing telescopes without a microlensing boost. The lens 
is usu ally a star the Galactic bulge, but sometimes in the disk of the Milky Way (IDominik 
2006h . 



Bulge giants are bright enough that high-dispersion spectra can routinely be obtained 
wit h 8 m class telescopes. Extensive surveys of such giants at optical wavelengths (see, 
e.g. iFulbright. McWilliam fc Richll2006l ) have been carried out to construct the metallicity 
distribution function (MDF) for the bulge, ma ny of them iri Baade's Window (6 ~ —4°), 
the innermost field of relatively low reddening. IZoccali et al.l (120081 ) have presented results 
of a survey of [Fe/H] in the Galactic bulge from spectra of about 800 stars with A/ A A = 
20, 000. They find a radial gradient in [Fe/H] within the bulge with the mean value going 
from +0.03 dex at 6 = —4° to —0.12 dex at 6 = —6°, and a sharp cutoff toward higher 
met alii cities with less than 5% of the sample in Baade's Window having [Fe/H] > 0.4 dex. 
Rich. Origlia fc Valentil (120071 ). who reach into (/, b) = (0°, —1°) with high dispersion in the 
near-IR, still find a sub-solar mean metallicity of —0.22 ± 0.01 dex. 

The ability to obtain high resolution, high quality spectra of microlensed Galactic bulge 
dwarfs and to carry out a detailed abundance analysis offers an independent apparently 
unbiased way to determine the MDF of Galactic bulge stars, as well as their detailed chemical 
inventory. In principle the abundance analysis of a upper main sequence dwarf is much easier 
and less prone to error for spectra of a fixed signal-to-noise ratio than that of a much cooler 
but much brighter bulge giant with a very complex spectrum full of blends and strong 
molecular bands. 
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2. The Sample of Microlensed Galactic Bulge Stars 



We consider here the sample of subgiants near the main sequence turnoff (MSTO), stars 
at the MSTO, or dwarfs of slightly lower luminosity than the MSTO which have had high- 
magnification microlensing events during which high-dispersion spectra have been obtained 
with large optical telescopes. We denote this group as the microlensed MSTO dwarfs in the 
Galactic bulge. Our sample includes all such stars with published abundance analyses. 



The pioneering work of ICavallo et al.l (120031 ) includes three such stars, MACH O-98 



BLG-6, MACHO-9 9-BLG-fl and MACHO-99-BLG22 



see, e.g. 



Stubbs et all Jl993h and 



Alcock et all fll999l ) for descriptions of the MACHO survey. I.Tohnson et all fl2007l ) (MOA- 
2006-BLG265) were the first to piggy-back on the microlensing planet hunters, who prize 



high-magnification events because of t heir extreme sensitivity to planets (lUdalski et al.ll2005 



Gould et al.l l2006l : iGaudi et al.ll2008l ). This star proved to be extremely metal-rich, much 



more so than the bulk of the much larger samples of bulge giants, arousing considerable 
interest. Improvement s in the curre nt generation of microlensing s urveys of the bu lge, the 
OGLE collaboratioifl Judalskilboosh and the MOA collaboratioifl fiBond et alll2002h . led to 
increasing numbers of alerts; they together find a total of about 800 microlensing events per 
year, of which the Microlensing Follow Up Network (/iFUN)0 is able to identify about 10 
high-magnification events. 



as 



Recognition of the importance of observations of transient sources has led to modifica- 
tions in telesc ope operations t o enh ance our abihty to take a dvantage of such br ief oppor- 
tunities. Thus Ijohnson et aP J2008h (MOA-2006-BLG99) and ICohen et all J2008h (OGLE- 
2007-BLG-349S), the latter spectrum with signal-to- noise ratio /spectral resolution element 
(SNR) > 90 for A > 5500 A, rapidly followed, as did ICohen et all J2009h (MOA-2008-BLG- 
310S and 311S), as well as the very recently completed analysis of OGLE-2007-BLG514S 
(jEpstein et al.ll2010t ). Each of these microlensed MSTO bulge stars turned out to have very 
high [Fe/H]. The first three of these led to the suggestion by I Cohen et al.l (120081 ) that the 
true MDF in the Galactic bulge was that of the dwarfs, characterized by significantly higher 
mean [Fe/H] than that of the giant bulge samples. 



All of these stars were obser ved with either HIRES (IVogt et al.lll994l ) at the Keck I tele- 
scope or the MIKE spectrograph ( Bernstein et al.ll2003 ) at the 6.5 m Magellan Clay Telescope 



^We omit this star as it's spectrum shows double hues according to Bensbv et al. ( 2O10l ). 
^http:/ /www. astrouw.edu.pl/'^ogle/ogleS/ews/ews. html 
■^http: / /www.phys.canterbury.ac.nz / moa 
'*http://www.astronomy.ohio-state.edu/^microfun/ 
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at the Las Campanas Observatory. Last year, a group led by S. Felt z ing, T. Bensby and 
J. Johnson began observing MSTO microlensed bulge stars wi th UVES (jDekker et al.ll200Clf) 



at the VLT. Results from two stars, O GLE-2008-BLG-209S flBensbv et al 



20093 . a MIKE 



spectrum) and OGLE-2009-BLG-076S flBensbv et al.l 12009M) followed, bo t h of w hich were 
metal-poor, with [Fe/H] —0.33 and —0.76 dex respectively. iBensby et al.l (120101 ) suggested 
that the previous high metallicities for microlensed bulge dwarfs might be just a matter of 
chance; they find that they cannot reject the possibility that the MDFs for the bulge giants 
and microlensed dwarfs are identical. 

Here we adopt the [Fe/H] and their associated uncertainties given in the published pa- 
pers referenced above. To this sample we add MOA-2009-BLG259S, observed with HIRES/Keck 
in July 2009 for which Cohen et al. (in preparation) find [Fe/H] = -1-0.55 ±0.10 dex. We 



also add five microlensed bulge dwarfs observed with the VLT from iBensby et al.l (120101 ) for 
a total sample of 16 microlensed MSTO Galactic bulge stars. 



3. The Maximum Magnification of the Microlensing Events 



The maximum magnification, A{max), of each of of these microlensing events is based for 
all rec ent events on fits to high cadence photometry obtained by mFUNl I. IPoindexter et al. 



( 120051 ) give A{max) for the MACHO events; we use Ijanczak et all (120091 ) for MOA-2008- 
BLG-310S. A{max), the ratio of the apparent brightness at the peak of the microlensing 
event to that before or after, is independent of reddening. It ranges from 5 to ~1000 for 
our sample stars (see Table [1]). Figure [T] shows the relationship between A{max) for the 
event and the [Fe/H] of the source derived from the high-dispersion spectra for each of the 
16 microlensed Galactic bulge stars in our sample. 

It is apparent from Figure [1] that there is a very strong correlation between A{max) 
and [Fe/H] for the MSTO sample of microlensed bulge stars. A similarly strong correlation 
is shown when A at the time the spectra were acquired is used instead. A Spearman rank 
test indicates that the two-sided proba bility that A(max) is not correlated with [Fe/H] is 

5 X 10-3. If MACHO-1998-BLG6, which lBensbv et al.N201oh consider a low luminosity giant, 
not a subgiant, is omitted, the two-sided probability for the remaining 15 stars becomes 

6 X 10^3, not significantly larger. While in principle this could be a statistical fluke, the 
formal probability of this is sufficiently low to investigate the implications of it being a real 
effect. 



^The A{'max) from the MOA web site are preliminary values only. 
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Figure [2] shows the locations on the sky of the sample of microlensed bulge stars. The 
region of positive Galactic latitude in general has significantly larger extinction than that of 
negative b in the region of the Galactic center, and much of that area is not covered by any 
microlensing survey. There is no obvious difference in the projected spatial distribution on 
the sky of the very high vs the lower A{max) bulge microlensed MSTO stars. The maximum 
projected distance from the Galactic center for a star in our sample is 6.6° (0.9 kpc), the 
minimum 2.2°); the median is 4.0°, the same as that of Baade's Window. 

Thus in addition to the discrepancy between the MDF of the bulge giants vs that of 
the microlensed dwarfs reviewed in |JT], an even more puzzling and potentially more serious 
problem is introduced by Fig. [H At first glance this figure suggests the presence of two 
populations, one at [Fe/H] about +0.35 dex with o"([Fe/H]) small and with A{max) > 200, 
and one with mean [Fe/H] considerably lower at about —0.4 dex, a larger dispersion in 
metallicity, and with A{max) < 200. Since we have already shown that the projected distri- 
butions of the low and high magnification events are similar, we next consider systematically 
different positions along the line of sight. One might imagine that spatially separating the 
high and low metallicity microlensing events, having them arise in regions of different stellar 
density (presumably closer or further from the Galactic center) in the presence of radial 
gr adients in [Fe/H] wi thin the bulge (already established as present further out in the bulge 



by lZoccali et al.ll2008l ) could lead to the very strong correlation seen in Figured! 



Microlensing with stars as both sources and as lenses is a phenomenon depending only 
on geometry (i.e. distances and impact parameter) and the mass of the lens. An ensemble of 
microlensing events also has properties that depend on the spatial density of the sources and 
lenses. The distribution in magnification for a particular source and a particular lens always 
has a much higher probability for events with large impact parameter (low A(max)) than it 
does for events with small impact parameter (high- magnificat ion events). The absence of any 
event with high [Fe/H] and A{max) < 200 given the many very high A{max), high [Fe/H] 
events we see poses an insurmountable problem to any hypothesis that seeks to explain the 
trend seen in Fig. [1] through a mechanism of spatially separate populations within the bulge 
with differing mean metallicities, densities, etc. 

If the basic physical laws governing microlensing are not to be violated, there must be a 
previously unrecognized sample bias that produces the strong correlation between A{max) 
and [Fe/H] seen in Fig. [H We consider several possibilities below. 

(1) When the angular size of the impact parameter for the microlensing event is so 
small that it becomes comparable to the angular size of the source star's radius, finite source 
effects, i.e. differential magnification of the limb relative to that of the center of the disk 
of the source star, become important. This occurs only in very high A{max) events, and 
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affects tfie strengtli of spectral lines, wliicli could potentially prod uce a spurious [Fe/H] in 
the hi ghest A{max) events, leading to a systematic sample bias. IJohnson. Dong fc Gould 
(120 lOl ) carried out detailed abundance studies of synthetic spectra of highly magnified dwarf 
stars. They concluded that the effects are always less than 0.05 dex, which is much too small 
to account for the effect seen in Fig. [H 

(2) Perhaps in the very crowded fields of the Galactic bulge, the spectra in low mag- 
nification events include a substantial contribution from close neighbors of the microlensed 
dwarf, while when A{max) is large, spectroscopic observations only detect the source star. 
We have evaluated the contribution of blending stars by comparing the unlensed brightness 
inferred from the microlensing light curve with that from OGLE or MOA images long before 
the evenll^. In the worst case (MOA-2009-BLG493), there is a 10% contribution at the time 
of observation, the second worst case has a 5% contribution by blending stars; for all other 
events this is not an issue. This demonstrates that blending is not the answer. Furthermore 
double-lined spectra are not seen among any of these microlensed dwarfs. 

(3) Perhaps for some of the events the source is a foreground disk star. If disk stars 
have a lower mean [Fe/H] than that of the bulge and if such events preferentially in- 
clude those with low A{max), this could reproduce the observed relationship shown in 
Fig, m However, extrapolating the linear fit to the metallicity gradient determined by 
Luck. Kovtyukh fc AndrievskyI (120061 ) outside 4 kpc from the center further inward, the disk 
would reach [Fe/H] +0.5 dex at Rqc = 1 kpc. In additi on, calculations of th e probability 
of microlensing for a source in the Galactic disk (see e.g. iKane &: Sahijl2006l ) demonstrate 
that the source of a microlensing event towards the bulge actually be a foreground disk 
star is unlikely. Furthermore the measured radial velocities show that the sources of these 
microlensing events are a kinematically hot population with a{vr) much too large for the 
Galactic disk; see Fig. [21 Additional ar guments supporting a bulge origin for the MSTO 
microlensing dwarfs can be found in e.g. iBensby et al.l (120101 ). 



(4) Perhaps the fault lies in systematic errors in [Fe/H]. There is a real sampling bias 
among the active groups worki ng in this area. The initial results of the analyses of two mi- 
crolensed MSTO bulge stars by Johnson et al. (j2007 . 20081 ) yielded surprisingly high metal- 
licities. Even Solar type dwarfs with such high [Fe/H] have complex spectra, with many 
blended and overlapping features, and the photometry is not trustworthy in regions with 
such high and variable reddening. Cohen and Thompson, who lead the efforts at the Keck 
and Magellan Observatories, believed that such a controversial issue could only be finally 
settled on the basis of very high signal-to-noise spectra. This meant that they triggered 



^The required data are not easily available for the MACHO events. 
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target-of-opportunity observations only for the brightest of the microlensed bulge dwarfs, 
which tend to be those with the highest Almax). The VLT group has observed events with 
a larger range of brightness, and hence of A{max). 

In light of the sample bias between the VLT and the Magellan/Keck groups, the relevant 
question is whether the [Fe/H] values determined by the various groups involved are on a 
consistent scale. Since the low magnification events are in general fainter, one might expect 
the resulting spectra to be on average of lower quality with lower signal-to-noise ratios. 
Given that line crowding and blending make the definition of the continuum in these spectra 
difficult, this might produce a bias of underestimating [Fe/H] in the required sense. 



Bensby et al.l ( l2009al ) and iBensby et al.l (120101 ) present comparisons of multiple inde- 



pendent analyses by J. Johnson, J. G. Cohen and T. Bensby, and collaborators of HIRES or 
Mike spectra of six microlensed MSTO stars included in our sample. The deduced [Fe/H] 
values are identical to within ±0.10 dex in all cases. Very recently, the two lowest SNR 
spectrum from the VLT sample, OGLE-2009-BLG-076S and MOA-2009-BLG-475, were also 
analyzed by J. Cohen, and even for these very low SNR spectra the derived [Fe/H] val- 
ues were in agreement to within the uncertainties, for the former being —0.45 ± 0.20 vs. 
-0.72 ± 0.12 dex and for the latter -0.49 ± 0.20 vs -0.54 ± 0.17 dex. 

We thus have established that there is good agreement in the derived [Fe/H] from 
detailed abundance analyses when the three groups independently analyze the same spectrum 
of a microlensed MSTO bulge star. The remaining issue is whether [Fe/H] derived from a 
spectrum of a microlensed MSTO bulge dwarf is independent of the SNR within the range 
encompassed by our sample of 16 microlensed bulge MSTO stars. T. Bensby has carried 
out a test on the high SNR Keck spectrum of OGLE-2007-BLG349, degrading it to SNR 
~ 30, and finds that the deduced [Fe/H] changes by less than 0.05 dex. We emphasize that 
errors in [Fe/H] arising from different analyses or from the SNR of the observations appear 
to be too small to be the origin of the strong correlation between A[max) and [Fe/H] seen 
in Fig. [H 

(5) There are some biases in the detectability of a microlensing event that depend on 
metallicity. These arise because the unlensed luminosity of a dwarf of a given mass and age is 



a function of metallicity. Tests with the isochrones (lYi et al.ll2003l ) show that for a fixed 
age (we adopt 10 Gyr), the mass of a star at the turnoff is higher as metallicity increases 
and the turnoff becomes somewhat fainter in Mj. We adopt a Salpeter IMF, and compare 
two populations with this age and with [Fe/H] between —0.9 and +0.6 dex. While for a 
population with a fixed total mass, the total number of stars is significantly different in the 
two cases, the ratio of the the number of stars on the upper RGB selected in a fixed range 
of Ml to the number of stars in the turnoff region is approximately constant. Hence this 
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cannot explain differences in the MDF between the bulge giants and the bulge microlensed 
MSTO dwarfs nor lead to the correlation between A{max) and [Fe/H] seen in Fig. [TJ 

(6) Perhaps the procedures by which microlensing events are identified by the large 
surveys are biased in some way. This has been checked by A. Gould, who went through the 
entire set of OGLE microlensing alerts from 2008, examining each event, eliminating binaries, 
and redetermining A[max) using all available photometry when necessary. He found that the 
number of microlensing alerts as a function of A{max), equivalent to 1/uq for A{max) > 4, 
has the form expected for selection of a sample unbiased in A{max). Fig. [3] shows the result, 
namely there is a linear relationship between cumulative counts and uq for A{max) > 15. 
This is the expected relation for uniform completeness in the OGLE microlensing survey 
over each of the three ranges of unlensed source magnitude considered. The inset shows 
that the total number of events for A{max) > 15 in each bin increases for fainter source 
stars, as expected, but this is because there are more faint stars than bright ones. Very high 
magnification events are very rare. A table of updated A{max) for the accepted 2008 OGLE 
events is available as Table 2 (on-line version only). 

While we believe that the source of the very strong correlation seen in Figure [T] is some 
bias in the sample of microlensed bulge MSTO dwarfs, we have been unable to identify the 
source of the bias. Every mechanism that we have thought of can be ruled out with varying 
degrees of certainty. Unfortunately, until the sample bias for the microlensed MSTO bulge 
dwarfs is identified, the derived bulge-dwarf MDF and its comparison to the bulge-giant 
MDF must be treated very cautiously. 

Although suitable high-magnification events are rare and lining up the necessary instru- 
ments/telescopes/clear weather at just the right time is difficult, with the Keck, Magellan, 
and VLT observatories all quite interested in this problem, the samples of MSTO bulge mi- 
crolensed dwarfs with high- dispersion spectra has risen rapidly, and will continue to do so. 
But, assuming that the correlation between A{max) of the event and [Fe/H] of the source 
star continues to hold as the sample increases, what is really needed now just as urgently 
as larger samples is a new insight into what is causing the very strong correlation we have 
found between the maximum magnification of a microlensing event for bulge MSTO stars 
and their metallicities shown in Fig. [TJ 

We are grateful to the many people who have worked to make the Keck Telescope 
and HIRES a reality and to operate and maintain the Keck Observatory. The authors 
wish to extend special thanks to those of Hawaiian ancestry on whose sacred mountain we 
are privileged to be guests. Without their generous hospitality, none of the observations 
presented herein would have been possible. We thank Chris Hirata and Sterl Phinney for 
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Table 1. Data for Microlensed MSTO Bulge Stars 



Name 


Obs. Code^ 


A^max) 


A{obs)^ 


[Fe/RY 
(dex) 


M A PHD 1 QQ8 RT n fi 


i\ 


o 


A 


— n 99 


A/TAPHO 1 QQQ RT r;99 


r\ 


98 


1 9 


— n 

— U.OO 


MOA-2006-BLG99 


M 


515 


110 


+0.36 


OGLE-2006-BLG265S 


K 


210 


135 


+0.56 


OGLE-2007-BLG349S 


K 


450 


400 


+0.56 


OGLE-2007-BLG514S 


M 


1000 


500 


+0.33 


OGLE-2008-BLG209 


M 


30 


22 


-0.33 


MOA-2008-BLG-311 


M 


285 


200 


+0.26 


MOA-2008-BLG-310S 


M 


380 


313 


+0.42 


MOA-2009-BLG259 


K 


223 


223 


+0.55 


OGLE-2009-BLG-076S 


V 


68 


48 


-0.76 


MOA-2009-BLG-493 


V 


150 


123 


-0.71 


MOA-2009-BLG-133 


V 


74 


35 


-0.67 


MOA-2009-BLG-475 


V 


62 


48 


-0.54 


MOA-2009-BLG-489 


V 


103 


103 


-0.18 


MOA-2008-BLG-456 


V 


77 


47 


+0.12 



'^M=Magellan, K=Keck, V=VLT. 

^Magnification at the time the spectroscopic observations were car- 
ried out. 

'^References for each star are given in §2] of the text. 
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Fig. 1. — [Fe/H] for the sample of 16 microlensed MSTO Galactic bulge stars with detailed 
abundance analyses is shown as a function of the maximum magnification achieved in each 
lensing event. Filled circles denote the Keck sample, filled triangles the Magellan sample, 
and open circles denote those with VLT spectra. 
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Fig. 2. — The distribution in Galactic latitude and longitude of the sample of 16 microlensed 
MSTO bulge stars. The hehocentric radial velocity for each star is indicated by an arrow, 
upward being positive, with a scale of 70 km s~^ per degree. Baade's Window is marked by 
the filled rectangle, and its Galactocentric radius is indicated by a circle. 
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0.5 1 1.5 

Fig. 3. — Cumulative counts of microlensing events as a function of Uq (equivalent to 
1/A[max) for A{max) > 4) for all OGLE alerts from 2008 that survived a check by hand for 
validity. Three different ranges of unlensed source brightness are shown - Is < 17.93 (solid 
line), 17.93 < Is < 19.28 (dashed line), and > 19.28 mag (dot-dashed line), (green line); 
bin boundaries were chosen so that 1/3 of the sample would be in each bin. For microlensing 
event selection by the OGLE survey to be independent of A{max), this relation should be a 
straight line, as is shown for high magnification events in the inset. 
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1 


301 


0.1650 


26.832 


18.788 


1 


303 


0.0220 


35.902 


19.684 


2 


304 


0.4770 


23.326 


19.270 


1 


305 


0.8410 


2.272 


17.537 


1 


306 


0.3760 


75.076 


20.034 


1 


307 


0.0387 


4.074 


19.264 


2 


308 


0.0820 


14.064 


20.003 


1 


309 


0.6360 


7.583 


19.172 


1 


310 


0.3790 


76.739 


15.531 


1 


312 


0.0540 


32.006 


19.816 


1 


313 


0.3850 


29.400 


18.922 


1 


314 


0.2680 


45.988 


20.380 


1 


315 


1.4020 


6.346 


14.710 


1 


317 


0.0700 


7.056 


19.506 


1 
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Table 2 — Continued 



OGLE 


Uo 


tE 


I [source) 


Code^ 


ID Number 




(days) 


(mag) 






n 2540 


50 081 

uw. wox 


1 5 990 

XU .C/C/W 


1 

X 




1 12Qn 


■^4 808 


xo.oo / 


1 
X 




^170 

\J.O± t u 




17 Q47 


1 

X 




W . tJW WW 


27 832 


X (J . (J w.^ 


1 

X 




n 71 70 

W. 1 X 1 w 




1 5 1 1 Q 

XtJ . X XC/ 


1 

X 


"^24 


W. U X ZiW 


7 81 7 

1 . O X I 


1 8 454 


1 

X 


'^25 


'^^SO 

W. OtJOW 




1 7 552 


1 

X 


"^2(1 


S440 


32 Q78 


19 689 


1 

X 


"^27 


n nnsi 

u.uuo± 


14 947 


21 326 


1 

X 


"^28 


1 2010 

± . ^W X w 


2 71 2 


17 fi90 


1 

X 


'^2Q 


6200 

W. W^ WW 


7 339 


18 284 


1 

X 




4Q50 

W.rtiy WW 


56 046 

W W. WrtW 


19 733 


1 

X 




1 '^Q50 
-L .Oc/oyj 


18 521 

X O . W^ X 


18 18fi 

XO . X ou 


1 

X 




w. wouu 


1 454 

X W . 1 ' J j: 


1 5 05^^ 






40fi0 


8 784 


1 Q 444 

X U . t: 1 1 


1 

X 


ooo 


1 1 so 

W. X X ow 


1 04 S58 


1Q 5fi4 


1 

X 


oou 


n inin 

u. xu xu 


wo. Zi^u 


Xc/ .OUc/ 


1 

X 


(J (J (J 


f) 61 on 

W. WX WW 


1 1 048 

XX. WrttJ 


16 518 

X W . W XtJ 


1 

X 


OOc? 


3370 

yj.oo 1 w 


24 972 


Ifi 578 


1 

X 




1240 

W. XZ/rtW 


6 fi07 


Ifi fi53 


1 

± 




U.UooU 


24.094 


20.857 


-1 

1 


343 


0.0710 


26.663 


20.284 


1 


345 


1.1960 


13.160 


16.763 


1 


346 


0.0433 


42.426 


20.730 


2 


349 


0.0282 


24.366 


19.572 


2 


350 


0.2910 


117.256 


19.724 


1 


351 


1.3310 


3.618 


16.700 


1 


352 


0.2670 


36.215 


19.784 


1 


354 


0.1450 


87.932 


21.174 


1 


356 


1.2540 


9.402 


17.811 


1 
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Table 2 — Continued 



OGLE 


Uq 


tE 


1 [source) 


Code'' 


ID Number 




(days) 


(mag) 






n 9530 


7 202 


17 998 


1 

X 


ooo 


n ni ^1 

U.UX(J± 


fi"^ 449 


22 228 


9 






078 


1Q zLQQ 


9 




1 QQOn 


30 01 7 


16 S78 

X\J . O 1 o 


1 

J- 






4 1 52 


1 7 54fi 


X 




n 41 Qfi 


21 1 20 


1 Q T'^T 

X C/ . I O 1 


1 

X 






24 81 8 


1 8 708 

XO . 1 uo 


1 

X 




n 5820 


1 253 


19 238 


1 

J- 




n ni 66 


5 789 


19 487 


9 




1 7330 


4 1 57 

t:. XU / 


14 7fifi 

X^. / uu 


X 




2270 


23 414 

Xrt 


20 242 


1 

X 




4510 

\J .rt^J J.\J 


32 244 

J. J. 


20 039 


1 

X 




1280 


78 058 


19 044 


1 

X 




1 '^1 QO 


1 2 852 

XZ( .iJO^ 


1 81 9 

XO .O Xc/ 


1 

X 




4040 


7 0fi4 


1 8 977 

XO . C/ 1 1 


1 

X 


"MA 


1 SfiTO 


40 S75 


1 5 980 

XtJ . C/OU 


1 

X 


o / u 


1 7R7n 

X . ( O 1 u 


17 

X / .u xz, 


1 7 78ri 

X / . / OU 


1 

X 


(J 1 (J 


3250 


X'-± .L/W(J 


15 811 

i(J .(J X i 


1 

X 


'^7Q 


0996 


21 398 

ZiX .OC/O 


18 058 


9 


KJKJ J- 


0394 


56 1 61 


21 651 

^ i .WO X 


9 


ooo 


0.1/90 


19. /4o 


20.478 


1 


383 


0.1030 


26.611 


18.358 


1 


384 


0.0625 


16.452 


20.484 


2 


385 


1.5030 


11.916 


16.891 


1 


386 


1.0400 


46.342 


18.149 


1 


387 


1.8590 


10.853 


17.293 


1 


388 


0.1790 


5.950 


20.196 


1 


389 


1.8930 


60.328 


16.388 


1 


390 


0.3010 


25.100 


19.210 


1 


391 


1.3410 


26.816 


17.490 


1 
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Table 2 — Continued 



OGLE 


Uq 


tp 


I(source) 


Code^ 


ID Number 




fdavsl 


fmag) 




392 


0.0900 


14.409 


19.580 


1 


393 


0.0360 


25.254 


18.996 


1 


394 


0.3280 


22.852 


16.218 


1 


396 


0.4380 


21.745 


18.573 


1 


397 


0.1440 


6.435 


17.893 


1 


398 


1.8040 


19.059 


17.302 


1 


399 


1.7080 


5.376 


17.291 


1 


400 


0.7430 


15.860 


18.922 


1 


401 


0.9940 


2.374 


18.675 


1 


402 


0.1030 


22.956 


20.509 


1 


403 


0.8820 


3.038 


18.452 


1 


404 


0.4720 


47.022 


17.707 


1 


405 


1.0190 


7.443 


18.516 


1 


406 


0.4430 


135.727 


17.821 


1 


407 


0.2130 


14.191 


19.496 


1 


408 


0.0970 


70.366 


21.145 


1 


409 


0.1278 


8.463 


19.314 


2 


411 


1.1170 


10.462 


18.160 


1 


412 


0.2730 


12.754 


18.587 


1 


413 


0.0420 


71.227 


19.946 


1 


414 


0.3370 


19.779 


19.807 


1 


415 


0.9630 


7.086 


18.541 


1 


416 


0.1750 


13.885 


19.731 


1 


417 


0.5380 


30.552 


17.669 


1 


418 


1.0750 


26.804 


18.484 


1 


419 


0.5170 


1.691 


19.546 


1 


420 


1.2970 


0.862 


16.374 


1 


422 


0.0940 


51.855 


19.534 


1 


424 


0.7050 


2.990 


18.748 


1 


425 


0.0651 


13.534 


20.034 


2 
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Table 2 — Continued 



OGLE 


Uq 


tp 


I(source) 


Code^ 


ID Number 




fdavsl 


fmag) 




427 


0.1170 


17.079 


20.070 


1 


428 


0.9990 


20.815 


17.593 


1 


429 


1.5810 


19.908 


17.914 


1 


430 


0.6040 


5.960 


19.479 


1 


431 


0.1260 


6.614 


20.526 


1 


432 


0.1830 


12.875 


20.486 


1 


433 


0.3050 


140.296 


19.289 


1 


434 


0.0470 


16.235 


19.382 


1 


435 


0.2160 


4.306 


19.657 


1 


436 


0.5980 


6.403 


19.272 


1 


437 


1.3650 


11.424 


18.252 


1 


438 


0.6880 


9.784 


19.104 


1 


439 


0.3880 


14.374 


16.165 


1 


440 


0.0270 


25.729 


22.025 


1 


441 


0.5410 


24.898 


17.742 


1 


442 


0.8100 


35.378 


15.994 


1 


443 


0.3540 


2.921 


19.102 


1 


444 


0.2610 


11.301 


19.845 


1 


445 


1.6250 


2.028 


15.874 


1 


446 


0.2400 


39.482 


19.356 


1 


447 


0.2240 


26.307 


18.974 


1 


448 


0.0130 


7.294 


20.117 


2 


450 


0.9740 


0.942 


17.024 


1 


451 


0.3410 


28.792 


19.658 


1 


452 


0.2020 


24.725 


19.998 


1 


453 


0.0840 


9.360 


18.521 


1 


454 


1.3520 


3.883 


17.602 


1 


455 


0.9590 


38.684 


18.833 


1 


457 


0.6280 


23.806 


18.542 


1 


458 


0.1890 


13.473 


18.837 


1 
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Table 2 — Continued 



OGLE 


Uo 


tE 


I [source) 


Code^ 


ID Number 




(days) 


(mag) 






n 2570 


1 406 


1 5 fi93 

XU .UC/O 


1 

X 




u.uuuu 




Ifi 219 

XU.Zi Xc/ 


1 
X 


4fi1 


7900 




QOR 


1 

X 


4fi2 


2270 


27 770 


18 824 


1 

A. 




D 94sn 




90 ^7fi 

ZU .tJ 1 u 


1 

X 


4fi4 






1 Q 1 QQ 

X C/ . X C/C/ 


1 

X 




1 ns4n 


X U. UOtJ 


1 8 fifi8 
xo .uuo 


1 

X 


4fi7 


n fiQDD 

W . \Jty WW 


3Q 481 


19 354 


1 

X 




u.uuuu 


1 284 

X W. .^Ort 


19 198 


1 

X 


4fiQ 




9 91 


19 099 

Xt? .UZiC/ 


1 

X 


470 


n 2520 

w. ^o^w 


27 651 


20 1 55 

ZjW . X (J (J 


1 

X 


472 


yj. ± 1 (jw 


9 497 


20 063 

ZjW . WW(J 


1 

X 


47"^ 


-L . UUi/W 




1 989 


1 

X 


474 


u. oouu 


oo. t \JO 


1 Q 08^^ 


1 

X 


47^ 


n n in 

W. X X iW 


1 Fi 0fi4 


90 1 ^^9 


1 

X 


477 




1 1 89^ 

X X . (JZjO 


1 8 Q'^1 

XO . C/(J X 


1 

X 


47R 


9zl'^0 


97 IQQ 


IR Q'^O 

XU . c/tJW 


1 

X 


47Q 


^MR 


364 

W. (JWrt 


17 172 


2 


4sn 


n in9n 


39 1fi8 

OZi. xuo 


20 fi72 


1 

X 


481 


1 2nnn 


6 399 


18 085 
xo.uou 


1 

± 




U.549U 


in '7/10 

19.748 


19.266 


-1 

1 


483 


0.1200 


108.671 


19.948 


1 


484 


0.6400 


77.937 


19.389 


1 


485 


0.5290 


36.986 


16.370 


1 


486 


0.2720 


18.947 


19.858 


1 


487 


1.0100 


9.668 


18.666 


1 


488 


0.3060 


42.792 


18.618 


1 


490 


0.9790 


15.707 


18.674 


1 


491 


0.6370 


30.693 


16.573 


1 


492 


0.5590 


6.773 


19.181 


1 
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Table 2 — Continued 



OGLE 


Uq 


tp 


I(source) 


Code^ 


ID Number 




fdavsl 


fmag) 




494 


0.9420 


17.071 


18.438 


1 


496 


0.4000 


16.050 


20.085 


1 


497 


0.7540 


8.634 


18.940 


1 


498 


0.1720 


4.420 


19.054 


1 


499 


0.5060 


30.736 


18.584 


1 


500 


0.5290 


28.069 


19.398 


1 


502 


0.7810 


24.971 


18.943 


1 


503 


0.8080 


5.603 


14.719 


1 


504 


1.1120 


4.145 


15.964 


1 


505 


1.4830 


17.909 


16.925 


1 


507 


0.4590 


8.735 


17.914 


1 


508 


1.2910 


3.361 


17.270 


1 


509 


0.0634 


6.060 


16.541 


2 


510 


0.0600 


21.642 


19.211 


1 


512 


0.1650 


13.080 


19.310 


1 


515 


0.1240 


28.342 


20.778 


1 


517 


1.0020 


18.985 


15.190 


1 


519 


1.0210 


19.208 


18.040 


1 


520 


0.0710 


113.894 


20.778 


1 


521 


0.3680 


10.199 


19.135 


1 


523 


0.8350 


1.020 


17.654 


1 


525 


0.2970 


13.054 


17.243 


1 


526 


0.1930 


35.549 


19.610 


1 


528 


0.3950 


14.820 


18.551 


1 


529 


0.5700 


8.373 


18.966 


1 


531 


0.7760 


35.459 


18.594 


1 


532 


0.8580 


2.815 


17.516 


1 


533 


0.2580 


6.458 


19.620 


1 


534 


0.8760 


77.565 


17.637 


1 


536 


1.0380 


1.942 


16.819 


1 
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Table 2 — Continued 



OGLE 


Uo 


tE 


I [source) 


Code'' 


ID Number 




(days) 


(mag) 






n 71 in 


4 836 


17 760 


1 

X 


ooo 


QQQO 


077 


18 891 


1 
X 






19 47R 


17 191 


1 

X 




4880 


S2 8Q5 


19 1 34 

X ly . X Ort 


1 

X 




n (1414 


8 097 


90 1 89 

Z/VJ. XOC/ 









51 7fiQ 


1 7 781 

X 1 .(OX 


1 

X 




n 9780 


7 089 


90 094 


1 

X 


548 


1 iQ4n 


1 326 


1 7 926 


1 

X 




n 6340 


4 005 


18 042 


1 

X 


"I'll 


n 31 4n 


87 720 


19 684 

XC/ .UOt: 


X 




n 2550 


Q 258 


19 412 

X (_/ .rt X^ 


1 

X 


\J\JkJ 


n 272(1 


1 6 275 


19 630 


1 

X 




n 7Qfi(i 


8 197 

O . XZ/ 1 


18 478 

XO .t: I O 


1 

X 


OOO 


(1 16SS 


4 4'^1 


17 ^^19 

X 1 .(J XZj 






(1 (11 7(1 


6 04Q 


90 086 






1 688(1 


5 801 


1 5 644 

XtJ . VJtit: 


1 

X 


5fin 


u. ouou 


10 1 "^4 
xu . xo^ 


1 8 858 


1 
X 


5fi2 




20 36Q 

^yj .o\Ju 


18 143 

XtJ . X'-±(J 


1 

X 


5fi3 


1 (18(1(1 


1 3 784 


18 143 

XO. X'4:0 


1 

X 




(1 ni 54 

U.UXUt: 


48 033 


20 759 


9 


ODO 


U.521U 


35.009 


19.134 


1 


566 


0.4180 


13.212 


20.080 


1 


568 


0.1750 


17.327 


20.728 


1 


569 


0.5310 


6.221 


19.187 


1 


571 


1.5310 


5.951 


16.070 


1 


572 


0.6500 


21.002 


19.597 


1 


573 


0.1600 


20.472 


19.380 


1 


574 


0.4760 


21.279 


16.261 


1 


575 


1.0260 


5.529 


17.790 


1 


577 


1.0880 


19.076 


17.110 


1 
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Table 2 — Continued 



OGLE 


Uq 


tE 


I [source) 


Code'' 


ID Number 




(days) 


(mag) 






1 31 nn 


3 1 76 


16 691 


1 

X 


(JOU 


n iRin 


19 77'i 
1 to 


xo.uou 


1 
X 




u.uxou 


■^4 78Q 


14 1 91 

X^. XZiX 


1 

X 




7820 


19 729 


1 7 293 


1 

X 


uou 


1 8410 

J- . Ot: J- W 


9 477 


16 409 

XVJ .'-±\jA4 


1 

X 




^^4^0 


8 1 51 

. X tj X 


19 599 


1 

X 




41 40 


9 645 


1 7 648 


1 

X 


.■iQf) 


1 0020 


4 988 


17 476 


1 

X 




"iQSO 


19 129 


IS 390 


1 

X 




Q480 


3 998 


1 5 819 

X(J .0 X.i( 


X 




Q200 


21 426 


16 049 


1 

X 




1 1 50 

yj. ± ±\j\j 


9 81 1 

(-/ .(J X X 


19 679 


9 




'^480 


16 6'^4 

XU .UOt: 


19 444 


1 

X 




1 SS90 


5 988 


1 6 1 58 

X U . X (JO 


1 

X 




8280 


8 373 


1 5 552 


1 

X 


uuu 


^^70 


'^0 '^95 


16 6'?7 

XU .UO 1 


1 

X 


Rfll 






IzL 9iAR 


1 

X 






18 815 

X(J .(J XtJ 


1 7 858 


1 

X 


UUrt 


3270 


99 569 


18 901 


1 

X 


fin's 

uuu 


1 ^"^60 


14 996 

Xrt . 


16 404 

XU .t:Ut: 


1 

X 


D(J7 


0.0800 


11.086 


19.914 


■1 

1 


608 


0.0073 


17.533 


21.042 


2 


609 


0.8290 


24.632 


18.557 


1 


610 


0.0251 


0.172 


21.514 


2 


611 


1.0930 


4.195 


17.058 


1 


612 


0.1750 


13.667 


20.034 


1 


614 


0.4640 


11.229 


19.074 


1 


615 


0.0207 


94.549 


22.290 


2 


616 


0.1880 


12.036 


16.891 


1 


617 


1.1900 


18.426 


14.581 


1 
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Uo 


J. 

tE 


lysource) 


Uode 


ID Number 




(days) 


(mag) 




618 


0.1190 


32.709 


19.533 


1 


619 


0.1530 


10.256 


18.821 


1 


620 


0.0260 


16.276 


21.107 


2 


621 


0.5610 


6.337 


16.530 


1 


622 


0.0400 


56.507 


21.010 


1 


623 


0.2950 


10.212 


19.571 


1 


624 


0.8640 


13.415 


14.528 


1 


626 


1.1380 


24.520 


16.455 


1 


627 


0.2100 


6.957 


19.255 


1 


630 


0.5320 


8.272 


19.031 


1 


631 


0.0172 


76.610 


19.838 


2 


632 


0.2200 


49.643 


19.713 


1 


634 


0.0810 


46.988 


20.907 


1 


635 


0.2420 


15.499 


17.635 


1 


636 


0.0370 


11.119 


17.964 


1 


637 


0.6670 


4.239 


18.118 


1 


638 


0.0000 


85.649 


20.414 


2 


639 


1.3130 


10.793 


17.478 


1 


640 


0.9740 


5.510 


17.173 


1 


641 


0.8110 


6.714 


14.634 


1 


644 


0.2530 


46.765 


18.432 


1 


645 


0.6290 


25.406 


18.706 


1 


646 


0.0426 


23.954 


19.293 


2 


647 


0.1020 


91.987 


20.506 


1 


651 


0.2740 


9.882 


17.279 


1 


653 


0.3970 


36.205 


17.838 


1 
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^1 = original values unchanged, 2 = altered. Events 
for which uq could not be reliably determined or esti- 
mated are not listed. 



